We investigated effects of fire frequency, seasonal timing, and plant community on patchiness and intensity of prescribed fires in subtropical savannas in the Long Pine Key region of Everglades National Park, Florida (U.S.A.). We measured patchiness and intensity in different plant communities along elevation gradients in "fire blocks." These blocks were prescribed burned at varying times during the lightning season and at different frequencies between 1995 and 2000. Fire frequency, seasonal timing, and plant community all influenced the patchiness and intensity of prescribed fires. Fires were less patchy and more intense, probably because of drier conditions and pyrogenic fuels, in higher elevation plant communities (e.g., high pine savannas) than in lower elevation communities (e.g., long-hydroperiod prairies). In all plant communities fires became increasingly patchy and less intense as the wet season progressed and moisture accumulated in fuels. Frequent prescribed fire resulted in increased patchiness but a wider range of intensities; higher intensities appeared to result from regrowth of more flammable vegetation. Our study suggests that frequent early lightning season prescribed fires produce a wider range of post-fire conditions than less frequent late lightning season prescribed fires. Our study also suggests that natural early lightning season fires readily carried through pine savannas and short-hydroperiod prairies, but lower elevation long-hydroperiod prairies functioned as firebreaks. Natural fires probably crossed these firebreaks only during drier years, potentially producing large landscape-level fires. Knowledge of how patchily and intensely fires burn across a savanna landscape should be useful for developing landscape-level fire management.
Introduction
Historically, lightning-initiated fires occurred frequently in pine savannas in the coastal plain of the southeastern United States (Harper 1927; Chapman 1932; Komarek 1964; Platt 1999) . These savannas became fragmented by the early 20th century; thus natural fire regimes were altered and never described scientifically (Frost 1993) . This lack of information has produced poorly conceived fire management policy, which has emphasized both fire suppression and prescribed fires that did not mimic natural fires or their effects (Doren et al. 1993; Platt & Peet 1998; Platt 1999; Drewa et al. 2002b) . As a result, less fireadapted native and exotic woody plant species have frequently displaced species-rich herbaceous ground cover (Heyward 1939; Walker & Peet 1983; Streng et al. 1993; DeCoster et al. 1999; Platt 1999) . Recently, management efforts have involved more ecologically sound prescribed fires (e.g., Huffman & Blanchard 1991) , but lack of knowledge of natural fire regimes has hampered such attempts (Glitzenstein et al. 1995; Olson & Platt 1995) . Such efforts are further complicated by small differences in prescribed fire regimes causing substantial effects on the vegetation (Platt & Schwartz 1990; Streng et al. 1993; Glitzenstein et al. 1995; Platt 1999; Provencher et al. 2001; Mulligan & Kirkman 2002) .
Why small changes in fire regimes often produce large effects is beginning to be understood (Johnson 1992) . One model proposes that vegetation in southeastern savannas evolved under conditions involving frequent predictable fires (Platt 1999) . Large fires in the southeast historically appear to have occurred primarily during the transition from the nonlightning/dry season (hereafter "nonlightning season") to the lightning/wet season (hereafter "lightning season") (Komarek 1964; Doren et al. 1993; Platt 1999) . At these times lightning strikes increase in frequency (Maier et al. 1979; Snyder 1991; Goodman & Christian 1993; Hodanish et al. 1997) . The dried fuels at this time are easily ignited, potentially producing large landscape-level fires given certain synoptic weather conditions. Such lightning season fires probably occurred frequently because herbaceous vegetation recovers quickly and thus can reburn within a few years (Platt et al. 1991; Brewer & Platt Restoration Ecology MARCH 2003 1994; DeCoster et al. 1999) . This model of natural fires (i.e., high frequency lightning season fires) in savanna landscapes is supported by studies of responses of vegetation to prescribed fires (Streng et al. 1993; Glitzenstein et al. 1995; Olson & Platt 1995; DeCoster et al. 1999) . Only when prescribed fires have followed the model have species-rich herbaceous ground cover communities been restored. In contrast, prescribed fires that continue to emphasize past policies (i.e., infrequent and/or nonlightning season fires) over long time intervals have resulted in ground cover communities dominated by less fire-adapted woody species (Platt et al. 1991; Glitzenstein et al. 1995; Drewa et al. 2002a) .
Seasonal timing and frequency should affect patchiness and intensity of fires and therefore the structure and composition of vegetation (Sparks et al. 2002) . Most experimental studies, however, have been conducted in small plots, in single communities, and under less extreme environmental conditions; as a result these studies have been characterized by reduced variability in fire behavior (e.g., Snyder 1986; Streng et al. 1993; Glitzenstein et al. 1995; Olson & Platt 1995; Hiers et al. 2000; Drewa et al. 2002b) . Therefore, experimental fires probably have not accurately mimicked the variation in intensity and patchiness of natural fires or the effect this variation could have had on vegetation. Moreover, because pine savanna landscapes generally contain a number of plant communities (e.g., Abrahamson & Hartnett 1990; Platt & Schwartz 1990) , any understanding of natural fire regimes on a landscape level must also consider how fires carry across these plant communities, especially when variation in elevation is involved. If intensity and patchiness of natural fires are to be mimicked by prescribed fires, studies need to be conducted on how variation in timing and frequency affect the intensity and patchiness of burn in the relevant plant communities.
In this study we measured how fires burning at different frequencies and times and in different plant communities affected fire patchiness and intensity. We conducted our study in different "upland" savanna plant communities occurring along elevation gradients in the Long Pine Key region of Everglades National Park. At the park restoration of natural fire regimes in a landscape context has been a high priority because these savannas comprise the only remaining intact subtropical savannas in the United States. Over the past decade prescribed fires have attempted to mimic the understood natural pattern but have varied enough in timing and frequency to allow for study on how this variation affects fires. Moreover, these fires have been allowed to burn unchecked through large management blocks among which there are similar elevation gradients.
We tested three predictions regarding how plant community, fire frequency, and seasonal timing should influence patchiness and intensity of prescribed fires:
(1) Increased patchiness and lower intensity of prescribed fires should occur in lower elevation plant communities compared with higher elevation plant communities, because these areas will be seasonally flooded and also contain less pyrogenic vegetation. (2) Increased patchiness and lower intensity should result from increased frequency of prescribed fires because accumulations of fuels (live and dead vegetation) should be less at the time of fires. (3) Increased patchiness and lower intensity should result if prescribed fires are shifted later in the lightning season because of increased moisture in the vegetation and the environment.
We examined landscape-level variation in patchiness and intensity during prescribed lightning season fires. We also explored differences in fire patchiness and intensity that might result from differences in prescribed fire frequency and seasonal timing. We propose that landscape-level variation in characteristics of some of the prescribed fires resembled variation occurring in natural fires. Knowledge of landscape-level variation in characteristics of prescribed fires that are designed to mimic frequencies and seasonal timing of natural fires should be useful in guiding restoration and management efforts in these threatened habitats.
Methods

Study Site
Long Pine Key (25 o 22-24 Ј N, 80 o 37-41 Ј W) is located at the southwestern tip of the Atlantic Coastal Ridge. This ridge consists of oolitic limestone outcrops several meters above sea level, which extend south along the Florida coast through Miami to Homestead, where they bend westward into the park (Hoffmeister et al. 1967) . Long Pine Key is a series of these outcrops crossed by lower elevation glades that once were tidal channels ( Fig. 1) (Hoffmeister et al. 1967; Olmsted et al. 1983) . Elevations in Long Pine Key reach a maximum of 3.4 masl in the outcrops to a minimum of 1.5 masl in the glades (Olmsted et al. 1983 ). Annual weather patterns include a pronounced dry season ( Ͻ 60 mm rainfall per month) that begins in the fall (OctoberNovember) and is followed by a wet season (140 mm rainfall per month) that occurs May to mid-July (Hela 1952; Chen & Gerber 1990) .
Historically, the Atlantic Coastal Ridge was dominated by subtropical savannas (Harshberger 1914; Harper 1927; Davis 1943; Craighead 1971) , but today more than 90% of these savannas have been eliminated by urban development (Snyder 1986; Snyder et al. 1990 ). Long Pine Key is the last large remnant in a natural landscape. Its more elevated outcrops contain savannas dominated by south Florida slash pine ( Pinus elliottii Engelman var densa Little & Dorman), with a distinctive species-rich calciphilic ground cover that is dominated by warm season grasses, especially firegrass ( Andropogon cabanisii Hackel) at higher elevations and muhly grass ( Muhlenbergia filipes M. A. Curtis) at lower elevations (DeCoster et al. 1999; Platt 1999; Schmitz et al. 2001) . The lower elevation glades are sea-sonally flooded and contain short-and long-hydroperiod prairies, which are species-rich almost treeless savannas dominated by graminoids such as muhly grass, paspalum ( Paspalum monostachyum Vasey ex Chapman), and sawgrass ( Cladium jamaicense Crantz) (Porter 1967; Olmsted et al 1983; DeCoster et al. 1999; Schmitz et al. 2001) .
Humans have disturbed Long Pine Key. Pine stands are second growth, regenerating from cull trees left behind after logging in the 1930s and 1940s (Robertson 1953; Taylor 1981; Olmsted et al. 1983; Platt et al. 2000) . In addition, hydroperiods in the glades have probably been influenced by artificial changes in amounts and timing of water flow through the region (Parker 1974; DeGrove 1984) . Longterm changes in relative abundances of some dominant species have been documented, but local extinctions of species, at least in short-hydroperiod prairies of Long Pine Key, appear not to have occurred (Olmsted & Armentano 1997) .
Fire Regimes of Long Pine Key
Prescribed fire regimes in Long Pine Key have been altered over the past half century. Little was known about natural fire regimes when the park was founded in 1947, and at first fires were suppressed. However, as it became clear that fires were important in maintaining Everglades habitats (e.g., Robertson 1953) , fires were reintroduced, starting in the late 1950s (Wade et al. 1980; Taylor & Herndon 1981; Snyder 1991) . These attempts were not successful in maintaining savanna habitats because there was little information on how differences in fire characteristics affect vegetation (Doren et al. 1993) . Gradually the natural fire regime became better understood through the study of climatology (Chen & Gerber 1990) , carefully maintained fire records (Taylor 1981; Doren & Rochefort 1984) , and responses of vegetation to prescribed fires (Doren et al. 1993; DeCoster et al. 1999; Platt et al. 2000; Schmitz et al. 2001) . Beginning in 1989 an attempt was made to generate more natural fire regimes by focusing on increasing frequency and shifting the timing of burn to the transition between the nonlightning and lightning seasons. In 1989 and 1990 all of Long Pine Key was prescribed burned during the early to middle lightning season to initiate a restoration effort based on the hypothesized natural fire regime (i.e., increased frequencies and correct timing). Since then, fires have been ignited every 2 to 3 years, with most ignitions occurring in the early to middle lightning season (Doren et al. 1993; DeCoster et al. 1999; Platt et al. 2000) . This policy has resulted in restoration of species-rich herbaceous-dominated savannas. Rapid recovery of the vegetation generates new continuous fine fuels capable of carrying fires within 2 years after a fire (DeCoster et al. 1999) , especially in pine savannas where herbaceous species regrow rapidly and pine needles are shed almost continuously (Herndon & Taylor 1985) . The response of vegetation to lightning season fires is congruent with field observations that lightning initiated fires occurred as often as every 2 to 3 years in pine savannas (Harper 1927; Robertson 1953) . Such frequent fires probably were most often of low intensity; estimates of maximum fire temperatures over the past decade average around 500 o C, but maxima 
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more than 800 o C have been recorded in herbaceous pine savanna ground cover (W. J. Platt, unpublished data).
Currently, fires are ignited separately in different fire blocks (Fig. 1) , compartments of several hundreds to thousands of hectares, most of which contain both pine savannas and glades. Fires are contained within the blocks by burning small strips (blacklining) along old logging roads to generate firebreaks. Fires are started with a combination of spot and line ignitions, simulating lightning strikes and movement from adjacent areas. Movement of the fires through the blocks is not controlled, and as a result wide ranges of fire behavior occur, depending on weather conditions, fuels, and types of ignition patterns (Doren et al. 1993 ).
Experimental Design and Data Analysis
Eleven prescribed fires burned through eight fire blocks (three blocks burned twice) during May through September in 1997 to 2000. Before these fires burned we established permanent transects in the blocks. Each transect began in the lowest point in a glade and extended upslope, approximately perpendicular to the long axis of the glade, to the highest points of adjacent pine savannas. Five to eight permanent plots (50 ϫ 20 meters, with one 20-meter side on the transect) were placed at approximately 10 cm differences in elevation along each transect (DeCoster et al. 1999; Schmitz et al. 2001) . Each plot was divided into 10 modules of 10 ϫ 10 meters, four of which contained two submodules each (3.16 ϫ 3.16 meters; 10-m 2 sampling area) (Fig. 2) . When the area containing a transect was burned, all submodules in all plots along the transect were examined. Each submodule of 10 m 2 was considered a sampling unit for estimating fire effects. This sized sampling unit was sufficient to define plant communities and to minimize variability in fire characteristics within the unit. We thus were able to assign single plant communities and fire characteristics to this sized unit (Fig. 2 ). There were 384 submodules along all transects, but because three transects burned twice, 520 submodule by fire events were used in analyses.
The two dependent variables, fire patchiness and fire intensity, were measured in each submodule after prescribed fires burned through a transect. Fire patchiness was assigned as a "yes or "no" for each of the 520 submodules by fire events, based on whether or not that submodule burned (520 submodules).
Fire intensity was examined in the field using the 385 submodules that burned. We examined consumption of vegetation and litter, using categories similar to those used by Spier and Snyder (1998) . Based on field experience a priori categories of low, moderate, and high fire intensity were constructed describing degrees of damage and consumption of three components of the vegetation (graminoids and forbs, shrubs and palms, and fine fuel litter). We examined each submodule within a week after fires. Criteria for assigning low, moderate, or high fire intensity for each of these vegetation components were as follows: Although these assignments were made separately for the three vegetation components, in more than 95% of the submodules the assignments were the same for all three components, and thus a single assignment of fire intensity was possible per submodule. Spier and Snyder (1998) demonstrated that use of consumption to estimate fire intensity gave similar results as more direct measurements based on fire temperature tablets. Although some subjective judgment was necessary to delimit where one category of fire intensity ended and another began, these cut-offs were biologically relevant-they delimited different responses involved in recovery. For example, after a low intensity fire grasses regrew existing leaves, after a moderate fire they replaced leaves, and after a high intensity fire they replaced entire culms. Finally, our assignment technique offers advantages over other techniques (e.g., more direct measurement of fuel consumption or of maximum Figure 2 . A diagram of a plot and the patchiness and intensity of a typical fire (dark gray, moderate intensity; light gray, low intensity; white, no fire). Submodules (black) are of a good size to estimate patchiness and intensities of fires. Within this pattern of burn community types also vary. Two submodules (within circles of dashes) are of a different vegetation community than the other six submodules. fire temperatures) in that they allow comparison across different plant communities and enable many plots to be sampled quickly using standard criteria.
The three independent variables that were assigned to each submodule were seasonal timing, fire frequency, and plant community. "Seasonal timing" was assigned based on when prescribed fires occurred. We categorized each fire and the submodules within that fire as early (before July), middle (during July), or late lightning season (after July). "Fire frequency" was assigned based on how often a transect had burned since 1990 (when all blocks were burned). If a transect had burned between 1990 and a fire we were studying, then the submodules within that transect were categorized as "frequently burned." If a transect had not burned, then its submodules were assigned as "infrequently burned." "Plant community" was assigned based on an ordination classification of abundances of plant species in submodules. For every submodule we estimated the cover of each species as the number of 10 ϫ 10-cm squares in which each species occurred (maximum of 10,000). These data were used in a cluster analysis to group submodules into discrete categories. Though any delineation of a plant community requires some subjective judgment, ordination techniques help in keeping these judgments as objective as possible and may also help suggest patterns. In the analysis we first generated a dissimilarity matrix using a Bray-Curtis distance metric (Bray & Curtis 1957) using an SAS program written by Drewa (1999; Drewa et al. 2002a ). This matrix was analyzed using the SAS CLUSTER procedure, and the results were converted into a dendrogram using the TREE procedure. We then identified the most distinctive clusters using the NCLUSTERS option. Note that because BrayCurtis measurements preferentially weigh common species more than rare species, submodules were grouped based on differences in relative cover of the more abundant species (Drewa et al. 2002a (Drewa et al. , 2002b . Once the submodules were assigned to clusters, the species composition of each cluster was examined, compared with previous work done on the species composition in the transects (DeCoster et al. 1999; Schmitz et al. 2001) , and then assigned a plant community (e.g., long-hydroperiod prairie). Previous work defining plant communities in Long Pine Key (DeCoster et al. 1999 ) was done on the plot scale and thus was of insufficient resolution to use in this study. Nomenclature of species was taken from Avery and Loope (1996) . Figure 2 gives an example of how plant communities could vary in a plot and how these interacted with fires.
We explored the relationship between the dependent and independent variables using logistic regression analyses (SAS LOGISTIC procedure; SAS Institute 1999). For fire patchiness binary logistic regression analysis was used because fire patchiness has two levels ("yes" and "no"). For fire intensity logistic regression for ordered categories was the most appropriate test because fire intensity is ordered (low, moderate, and high) (Allison 1999) . For the logistic regression for ordered categories the LOGISTIC procedure provided a score test to test for the proportional odds assumption.
Results
Plant Communities
Cluster analysis divided the submodules into eight distinct groups (Fig. 3) . Dominant species in each group are listed in Appendix 1.
Five clusters were identified as belonging to plant communities already defined by DeCoster et al. (1999) . Three of these occurred outside of pine overstory. Two of these contained 127 submodules and represented different manifestations of short-hydroperiod prairie, which had high cover and were dominated by grasses and sedges ( Muhlenbergia filipes , Cladium jamaicense , Schizachyrium rhizomatum , Rhychospora divergens ) and the forb Centella asiatica . A third cluster (35 submodules) represented longhydroperiod prairie, containing mostly sawgrass ( Cladium jamaicense ), a hydrophilic forb ( Phyla nodiflora ), and a grass ( Paspalum monostachyum ). The forth and fifth clusters occurred beneath pine overstory. One of these (81 submodules) represented high pine savanna and was dominated by firegrass ( Andropogon cabanisii ), a parasitic Figure 3 . Dendrogram of the eight most important clusters delineated by cluster analysis using the BrayCurtis distance measure. Plant communities delineated include SHP (short-hydroperiod prairie, two clusters), LHP (long-hydroperiod prairie), HPS (high pine savanna), SPP (shrub/palm patches), LPS (low pine savanna), and two "outlier" clusters (submodules of less distinct character not in any of the other six types).
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vine ( Cassytha filiformis ), a forb ( Crotolaria pumila ), and bracken fern ( Pteridium caudatum ). The other cluster represented low pine savanna (56 submodules) and was represented by a high cover of species found in short-hydroperiod prairie (including Muhlenbergia filipes and Schizachyrium rhizomatum ) and moderate cover of species found in high pine savanna ( Andropogon cabanisii and the two palms Serenoa repens and Sabal palmetto ).
Three clusters did not fit into plant communities defined by previous work (Fig. 3) (DeCoster et al. 1999) , which was probably a result of our finer scale of sampling. Of these three clusters, one with 62 submodules was the most important. This cluster was characterized by higher elevation submodules that occurred beneath pine overstory, had low overall cover, and was dominated by shrubs ( Guettarda scabra and Myrica cerifera ) and the vine/shrub ( Chiococca parviflora ). This cluster also had high relative cover of the two palms. Submodules in this cluster, which we designated as "shrub/palm patches," were intermixed with low and high pine savanna submodules dominated by grasses. The other two clusters (23 submodules) were "community outliers" and were characterized by unusual assemblages of plants. We excluded these latter two clusters from data analyses because their small numbers of submodules prevented meaningful analysis.
Intensity and Patchiness of Fires
Plant communities tended to burn more thoroughly at high rather than low elevations (Table 1) . Almost all submodules in high (91%) and low (89%) pine savannas burned in prescribed fires. Despite being intermixed with low and high pine savanna submodules, a significantly smaller proportion of the submodules in shrub/palm patches (80%) burned (Table 2) . Smaller proportions of submod- Estimates for patchiness and intensity are based on relative chances that a submodule in a given type of plant community will burn or will experience a more intense fire than a submodule in long-hydroperiod prairie (the lowest elevation community). In pairwise comparisons, the odds ratio indicates the higher incidence of fire or of more intense fires of the first community compared with the second community. The 2 test and probability indicate if the odds are likely to be significantly different from 1.0 (equally likely). * The score test for the proportional odds assumption was not significant (chi-square ϭ 4.94, df ϭ 4, p Ͼ 0.29), indicating that it was valid to use the test.
ules burned in the lower elevation prairies than in pine savannas. Sixty-eight percent of the submodules in shorthydroperiod prairies and only 19% of the submodules in long-hydroperiod prairies burned in prescribed fires (Table 1). Differences between high and low pine savannas and short-and long-hydroperiod prairies were statistically significant (Table 2) . Fire patchiness in the shrub patches did not differ significantly from that in short-hydroperiod prairies but did differ from that in long-hydroperiod prairies. A significantly larger proportion of submodules burned in short-hydroperiod prairies than long-hydroperiod prairies (Table 2) . High pine savanna submodules tended to burn more intensely than submodules in the other plant communities. Ten percent of the submodules in high pine savanna burned at high intensities, but less than 3% of the submodules in the other plant communities burned at high intensities (Table 1 ). In addition, fewer submodules in high pine savanna burned at low intensity than in the other plant communities (22% compared with 33-42%). These differences between high pine savanna and the other plant communities were highly significant (Table 2) , except for the comparison with long-hydroperiod prairie, which had so few submodules burn that it did not have enough replicates for a powerful test (Table 1 ). All other comparisons of fire intensities between plant communities were not significant (Table 2) .
Fire frequency affected the likelihood that submodules would burn (Table 3A) . Frequently burned submodules burned significantly less often (73%) than infrequently burned submodules (82%). Frequently burned submodules tended to burn more intensely, however, than infrequently burned submodules. Infrequently burned submodules were 51% likely to have a moderate-intensity fire, compared with 65% for frequently burned submodules. In addition, frequently burned submodules were 6% likely to burn with high intensity, whereas infrequently burned submodules never burned with high intensity. These differences were statistically significant (Table 3A) .
Seasonal timing of fires affected both the patchiness and intensity of prescribed fires (Table 3B ). Fires in the late lightning season tended to burn both more patchily and less intensely than fires set earlier in the lightning season. About 44% of the submodules in prescribed fires of the late lightning season did not burn, whereas significantly fewer submodules (20%) did not burn in early or middle lightning season fires. Similarly, early and middle lightning season submodules were more likely to have intense fires, having over 65% chance for any given submodule to burn in the moderate to high intensity category. Late lightning Estimates for patchiness and intensity are based on relative chances that an infrequently burned submodule will burn or will experience a more intense fire than a frequently burned submodule or that a submodule burned in the early or middle of the lightning/wet season will burn or experience a more intense fire than a submodule burned late in the lightning/wet season. In pairwise comparisons, the odds ratio indicates the higher incidence of fire or of more intense fires compared with fires at different frequencies or fire seasons. The 2 test and probability indicate if the odds are likely to be significantly different from 1.0 (equally likely). a Score test for the proportional odds assumption: 2 ϭ 2.6, df ϭ 1, p ϭ 0.11. b Score test for the proportional odds assumption: 2 ϭ 3.4, df ϭ 2, p ϭ 0.18.
season submodules, however, burned significantly less intensely (42% in the moderate intensity category and never in the high intensity category). There was some tendency for early lightning season fires to burn more intensely than middle lightning season fires, with 78% of the early lightning season submodules to burn with moderate to high intensities, whereas 65% of the middle lightning season submodules burned in the moderate to high fire categories (a marginally significant difference). There was no significant difference between the early and middle lightning seasons in fire patchiness.
Discussion
Over the past decade substantial variation has occurred in patchiness and intensity of prescribed fires ignited in the ground cover of savannas in the Long Pine Key region of Everglades National Park. Our study indicates that this variation was influenced by fire frequency, fire season, and fuel characteristics of different plant communities present within the Everglades landscapes.
As predicted higher elevation plant communities burned less patchily and more intensely than lower elevation plant communities. We propose that the patchiness of prescribed fires was affected by differences in moisture content of fine fuels along the topographic gradient. The first thunderstorms of the lightning season moisten the peaty substrates in lower areas and fill the lowest sites (i.e., long-hydroperiod prairies) with standing water within a few weeks, thus resulting in patchy fires (W. J. Platt, personal observation). Higher elevation sites (often only 10-20 cm higher) remained dry enough to burn more thoroughly (see also Snyder 1986; Negrón-Ortiz & Gorchov 2000) . Everglades hydrological records indicate that prescribed fires we studied occurred during exceptionally wet years; we suggest that during drier years lower elevation plant communities might burn much less patchily. Such longer-term differences in moisture content at the times of fires might influence the tendency to burn over large areas.
Fire intensity also was affected by the types of fuels in the different plant communities. High intensity fires occurred about 10% of the time in high pine savannas but less than 3% in the other plant communities. Although abundant fine fuels occurred in all communities, only high pine savanna fuels appear particularly flammable and pyrogenic. In particular, firegrass (Andropogon cabanisii) tends to be much more abundant in high pine savannas than other communities (DeCoster et al. 1999; this study) . This species, like warm season grasses of other pine savannas (Streng et al. 1993; Platt 1999; Platt & Gottschalk 2001) , produces abundant leaves that when dry provide fuels for high intensity fires. In addition, high densities of slash pines (Doren et al. 1993; Platt et al. 2000) shed abundant quantities of needles that form continuous layers of flammable fuels (Herndon & Taylor 1985) . Reduced patchiness and increased intensity of lightning season fires have also been documented in other savannas with pines and warm season grasses (Platt et al. 1988a (Platt et al. , 1991 Streng et al. 1993; Glitzenstein et al. 1995; Olson & Platt 1995; Drewa et al. 2002b) . In these savannas lightning season fires favor pines and herbaceous species in the ground cover but do not completely eliminate trees and shrubs (Walker & Peet 1983; Platt et al. 1988a Platt et al. , 1988b Rebertus et al. 1989a Rebertus et al. , 1989b Streng et al. 1993; Glitzenstein et al. 1995; Olson & Platt 1995; Drewa et al. 2002b) .
Patches of shrubs occurred within larger areas of pine savannas dominated by herbs and grasses. Ground cover of resprouting shrubs (e.g., Guettarda scabra, Myrica cerifera, Chiococca parvifolia, Morinda royoc) and palms (Serenoa repens and Sabal palmetto) burned more patchily and less intensely than the surrounding vegetation. Because frequent early lightning season fires shift dominance away from woody species toward grass and herbs (DeCoster et al. 1999; Platt 1999) , these residual patches of shrubs may occur where local edaphic conditions, such as water-filled solution holes that buffer local microclimates (Olmsted et al. 1983 (Olmsted et al. , 1993 Schmitz et al. 2001) , increase patchiness, and decrease intensity of prescribed fires. Long Pine Key contains discrete patches of different hardwood-dominated communities that range from shrub thickets to subtropical forests dominated by large trees (Robertson 1953; Olmsted et al. 1983; Snyder et al. 1990 ). These forests only burn during large-scale fires in dry years (Robertson & Platt 1992 ). Patches of shrubs that burn less completely and intensely than surrounding herbaceous-dominated savannas might represent one end of a continuum of hardwood-dominated patches that burn at different frequencies and intensities.
Changing seasonal timing produced predicted effects on patchiness and intensity of prescribed fires. Early and midlightning season fires were considerably more likely than late fires to burn a given area and to burn that area at high intensity. These results resembled others from the Everglades region (e.g., Negrón-Ortiz & Gorchov 2000) , as well as those from studies of warm-temperate longleaf pine savannas (e.g., Streng et al. 1993; Glitzenstein et al. 1995) and fires in a tropical savanna (Williams et al. 1998) . Fine fuels, driest in April and May before the onset of the lightning season in both subtropical Everglades savannas and warm-temperate longleaf pine savannas, become progressively more moist during the lightning season, resulting in increased patchiness and decreased intensity of prescribed fires. Because water levels reached seasonal highs by September in short-and long-hydroperiod prairies, natural fires occurring after the middle lightning season probably almost never burned large areas, even within pine savannas. In fact, igniting prescribed fires late in the lightning season required daily analysis of local weather conditions to identify those infrequent conditions under which prescribed fires might be expected to burn (Everglades National Park fire records).
Differences in fire frequency produced both expected and unexpected effects on characteristics of prescribed fires. As predicted frequently burned sites burned more patchily than infrequently burned sites, probably because the infrequently burned sites had more fine fuels and evenly distributed fuels, especially litter, than frequently burned sites. However, these larger amounts of fine fuels also suggest that infrequently burned sites should burn more intensely, but we did not find this to be the case. We attribute this to differences in quality of fuels. The ground cover in more frequently burned sites, especially in the pine savannas, may have had drier and finer fuels, consisting mostly of warm season grasses that regrow rapidly after fire (DeCoster et al. 1999 ) and produce abundant dry fine fuels near ground level (Platt & Gottschalk 2001) . Less frequently burned sites, however, may have had thicker litter layers, which trap moisture, as well as shrubs, which produce less fuel and also cast shade that raises moisture levels in soils and litter.
Conclusions
Prescribed fires ignited in the early lightning season produced a wide range of patchiness and intensity within Everglades savanna communities. Within 3 years of an early lightning season prescribed fire, fine fuels were sufficient for subsequent fires to reburn large areas of Everglades savanna. When timing was shifted later into the lightning season or when frequency was decreased, the amount of unburned area increased and fewer high intensity patches occurred in prescribed fires. Thus, our study suggests that shifting prescribed fires away from the timing and frequencies that occurred in presettlement times results in less area burned and a smaller range of post-fire environmental conditions resulting from differences in local fire intensities. Continued use of non-natural timing and frequency in prescribed fires may eventually lead to the establishment of extensive shrub communities and the decline of species-rich herbaceous vegetation (DeCoster et al. 1999) .
Frequent early lightning season prescribed fires can generate a savanna-like aspect of plant communities (Platt 1999) and increase plant species biodiversity in the ground cover (DeCoster et al. 1999) . Effects of these fires resemble those occurring during natural lightning-initiated fires, such as the lightning-initiated Ingraham Fire that burned about 50,000 ha and 10% of Long Pine Key in 1989. In that fire patchiness was least in pine savannas and increased downslope, with long-hydroperiod prairies burning most patchily (W. J. Platt, personal observation).
Our study suggests ways that prescribed fires might be manipulated to mimic natural fires in Everglades savanna landscapes. In drier years natural ignitions may have occurred in a variety of savanna habitats, as indicated by Everglades fire records. Once pine savannas, especially high pine savannas with pyrogenic vegetation, were ignited they probably would have carried fires considerable distances, burning large areas more thoroughly and intensely than lower elevation communities. Nonetheless, such fires should generate patches of shrubs that burn at different frequencies and intensities, producing a heterogeneous landscape. Long-hydroperiod prairies probably functioned in most years as natural fire breaks and may have had a substantial effect on the likelihood of fires being transmitted to adjacent pine savannas. Prescribed fires that burn large areas, mimicking fires like the Ingraham Fire, may be possible only in years that these natural fire breaks are dry enough to carry fire. In the intervening years it should be possible to design large-scale prescribed fires in which recently burned areas and long-hydroperiod prairies act to contain prescribed fires without using artificial breaks such as roads.
